We present an Inverse Free Electron Laser accelerator proposed for construction at the UCLA Neptune Lab. This experiment will use a 1 TW CO2 laser to accelerate through two strongly tapered undulators an electron beam from 16 MeV up to 55 MeV. The scheme proposed is the diffraction dominated IFEL interaction. The Raleigh range of the laser beam is about 2 cm, much shorter than the interaction length (the undulator length is 50 cm). In this regime adiabatic capture is possible in the first part of the undulator. In the focus region, we propose a solution to the problem of the dephasing between electrons and photons due to the Guoy phase shift. Ponderomotive effects and implications for tolerancies are also studied.
INTRODUCTION
Inverse Free Electron laser schemes to accelerate particles have been proposed as advanced accelerators since many years [l-31. Particular interest in this acceleration scheme comes from the unique characteristics of the output beam of this accelerator. Proof-of-principle IFEL experiments [4-51, including the staging of two different IFEL sections [6] have been carried out successfully. A lot of interest is currently in the control of the longitudinal phase space beam structure: femtosecond microbunches and few percent energy spread coming from the particle trapping in the accelerating bucket are theoretically possible. The purpose of the UCLA experiment is to achieve a substantial energy gain and investigate the longitudinal structure of the electron beam. At the Neptune Laboratory at UCLA [7] there is the unique opportunity of having a high power laser and a relativistic electron beam in the same experimental facility. In the scheme, the electron beam is coming from a photoinjector+booster linac system with energy of 14.0 MeV, and the high power CO2 laser is focused by a lens (f718) with focal distance of 2.6 m to tight spot of few hundreds microns. Because the Raleigh range is much shorter than the undulator length, as indicated elsewhere Another important point in this configuration is that a tight laser waist size requires strict tolerances for matching the electron trajectory and accelerating phase in the following undulator region. The other fkndamental ingredient for the Inverse Free Electron Laser is the undulator that provides the coupling between photons and electrons. Strong tapering of both period and magnetic field amplitude is needed for high-gradient acceleration and there are strict requirements on the magnetic field in order to maintain phase synchronicity and preserve the accelerating bucket along the accelerator, especially around the high laser field focal region. The undulator magnet will be built in collaboration with Kurchatov Institute.
IFEL CONFIGURATION
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Proceedings of the 200 1 Particle Accelerator Conference, Chicago synchronous phase with the photons in this critical region the laser beam size was increased to 3 5 0~. Because of damage threshold limitation on the last optical element in the CO2 beam line, this can be done only at the expense of reducing the power from the available 1 TW to 400 GW. The electromagnetic fields at the focus are smaller and the transverse kick problem is less critical. Peak accelerating gradient is lower, but the high field region (-Raleigh range) is longer and substantial energy gain can still be achieved.
The preliminary design is a hybrid permanent magnet planar undulator tapered in both period and magnetic field amplitude. Tapering of the magnetic field amplitude only, requires the field amplitude to increase to levels which are too large, and period tapering only makes soon the undulator too long for the space available in the experimental area. Magnetic fields are specially designed around the focus region to preserve synchronism with the laser light. Undulator parameters are given in Table 2 . The undulator field simulations are done with the 3-dimensional magnetostatic code RADIA [11] .
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In collaboration with Kurchatov Institute we are designing a tapered undulator to provide the necessary synchronism between electrons and photons [ lo] .
[ The particles are pushed through the analytical electromagnetic field of a gaussian mode representing the laser beam [ 13 1, and through the 3-dimensional magnetic field map from the code RADIA. Fig.3 shows the synchronization curve for the accelerated electrons. Looking at the output longitudinal phase space (figA), we see that particles trapping in the accelerating bucket took place. The beam quality at the output of the accelerator depends critically on the properties of the accelerating bucket. Different tapering can be used to improve one.or the other of the characteristics of the bucket. Energy spread and micro bunch width could be adjusted depending on the final application. The choice for tapering was to optimize the trapped particle fraction. The characteristics of the output beam fiom the accelerator are reported in Table 4 . 
STUDY OF ACCEPTANCES AND TOLERANCES
In the study of the acceptances and tolerances of the accelerator, it was observed that changing the initial parameters does not affect the maximum final energy reached by the electrons. Because of the stability of the accelerating region in the phase space, for small variation of the parameters around the design, some particles will still be trapped and accelerated to the final energy. The most sensitive parameter is in this case the number of accelerated electrons. The tolerances refer to cases in which the fraction of captured particle is bigger than 20%. Table 5 shows the results of this analysis. 
CONCLUSIONS
The goal of the IFEL project at the UCLA Neptune Laboratory is to achieve a substantial energy gain (-50 MeV), and to study the longitudinal phase space characteristics of the output beam. In this sense, it can be considered one of the first "second generation" advanced accelerator experiment where the main question is not if the scheme will work in principle, but what can the accelerator deliver in terms of beam quality and numbers of electrons per bunch. Future upgrades of the project include the possibility of using the full power that MARS laser is capable of (1 TW), either upgrading the last mirror on the CO2 optical beam line to overcome the damage threshold limitations, or including a laser beam splitter in order to split the available power and stage two different IFEL sections.
